Pseudomonas sp. KL28
T an interesting strain. It is able to grow on phenols with an alkyl group (C1-C5) at the para position due to enzymes encoded by a lap catabolic gene cluster (Cho et al., 2009; Jeong et al., 2003) . When this strain is cultured using p-cresol in a vapour state, it forms mushroom-like aerial structures that are several millimetres in size (Lee & Veeranagouda, 2009 ). These results showed that Pseudomonas sp. KL28
T can be used as a model bacterium for studying unique bacterial development and is well suited for biofilter applications to remove gaseous p-cresol. In addition, a Pseudomonas sp. KL28
T mutant exhibited mass production of poly-b-D-mannuronate (,10 g l 21 ), which has the potential to be used in pharmaceutical applications (Veeranagouda et al., 2011) . Poly-b-D-mannuronate degradation products have been shown to be immune-system activators (Otterlei et al., 1991) , and oligomannuronate sulfate has IP: 54.70.40.11
On: Tue, 11 Jun 2019 18:59:24 been identified as a potential tumour angiogenesis and metastasis inhibitor (Zhao et al., 2006) . Previous taxonomic and phylogenetic studies conducted in our laboratory affiliated Pseudomonas sp. KL28
T with the type strains of species in the Pseudomonas putida phylogenetic group. Multilocus sequence analysis (MLSA) and whole-cell matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS analysis indicated that Pseudomonas sp. KL28
T should be considered a representative of a novel species of the genus Pseudomonas (Gomila et al., 2015; Mulet et al., 2010 Mulet et al., , 2012a and the name 'Pseudomonas alkylphenolia' was proposed (Cho et al., 2009 ), but the strain had not until now been characterized taxonomically and currently the name has no standing in the bacterial nomenclature (Parte, 2014) . The present study aimed to characterize strain Pseudomonas sp. KL28 T taxonomically through a polyphasic approach and to formally propose the novel species.
Negatively stained cells (Lalucat, 1988) of Pseudomonas sp. KL28
T in the exponential growth phase, grown at 30 8C in LB broth, were observed in a Hitachi H-200 transmission electron microscope. The cells were rod-shaped (0.8-1.3 mm wide and 3.1-3.5 mm long) and motile due to the presence of one polar inserted flagellum (Fig. S1 available in the online Supplementary Material). The cells were negative for Gram staining following Cowan's method (Cowan & Steel, 1974) . After incubation for 24 h at 30 8C on LB plates, the colonies obtained were circular, beige in colour and flat, with regular edges, and approximately 1 mm in diameter. Aerial structures were formed in colonies cultured with p-cresol vapour, and circular pellicles were observed on stationary LB broth cultures (Lee & Veeranagouda, 2009 ).
Growth was observed in LB medium at 4, 18, 25, 30 and 37 8C after 24 h. No growth was detected at 42 8C after 1 week of incubation. Growth was observed in nutrient broth (Merck) in the presence of 0-6 % (w/v) NaCl, and strain KL28
T tolerated a pH range from pH 5 to 10. The oxidase test was performed as described by Cowan & Steel (1974) . Catalase activity was detected by adding a 3 % hydrogen peroxide solution to resting cells and examining the production of bubbles. Pseudomonas sp. KL28T was oxidase-and catalase-positive. The production of a fluorescent pigment was positive in King B medium (Pseudomonas agar F, Difco), while pyocyanin production was not detected with King A medium (Pseudomonas agar P, Difco) (King et al., 1954) . Pseudomonas sp. KL28
T and closely related type strains (Table S1) were characterized phenotypically using API 20 NE strips (bioMérieux) and Biolog GN2 MicroPlates ( Arabinose Fatty acid methyl ester analysis was performed at the Spanish Type Culture Collection, CECT, Valencia, Spain (http:// www.uv.es/uvweb/spanish-type-culture-collection/). Fatty acids were extracted and prepared as described for the MIDI Microbial Identification System (Sasser, 1990) . The following fatty acids were detected in Pseudomonas sp. KL28
T : C 8 : 0 3-OH, 0.5 %; C 10 : 0 3-OH, 7.8 %; C 12 : 0 , 3.2 %; C 12 : 0 2-OH, 7.1 %; C 12 : 1 3-OH, 1.5 %; C 12 : 0 3-OH, 7.8 %; C 14 : 1 v5c, 0.5 %; C 14 : 0 , 0.7 %; summed feature 1 (C 16 : 1 v7c and/or C 16 : 1 v6c), 26.7 %; C 16 : 0 , 27.8 %; C 17 : 0 cyclo, 6.0 %; summed feature 2 (C 18 : 1 v7c and/or C 18 : 1 v6c), 10.5 %. Some fatty acids were only present in Pseudomonas sp. KL28
T (C 8 : 0 3-OH, C 12 : 1 3-OH, C1 4 : 1 v5c, C 14 : 0 ) and not in the closely related type strains P. vranovensis DSM 16006 T and P. japonica JCM 21532 T (Table S2 ).
The whole-cell protein profiles of Pseudomonas sp. KL28
T and the closely related type strains were determined via MALDI-TOF MS as described previously (Mulet et al., 2012a) . Dendrogram representation revealed two main branches, one of which comprised 10 type strains of the P. putida group, while the second branch included the remaining strains of the group. Pseudomonas sp. KL28
T was located on the same sub-branch as P. vranovensis DSM 16006 T and P. japonica JCM 21532 T , showing 64 and 31 % similarity, respectively. The mass-to-charge ratios of the most abundant cellular proteins of the three strains are indicated in Table S3 . The protocols for DNA extraction and PCR amplification, the primers used and the DNA sequencing conditions applied as well as the sequence analysis procedures employed for MLSA were described previously (Mulet et al., 2012b ). An individual 16S rRNA tree and a concatenated gene tree of 16S rRNA, gyrase beta subunit (gyrB), RNA polymerase beta subunit (rpoB) and RNA polymerase 70 sigma factor (rpoD) partial gene sequences were reconstructed as described by Mulet et al. (2012a) and are presented in Figs. 1 and 2 with pairwise sequence similarities given in Table  S4 . The Jukes-Cantor (Jukes & Cantor, 1969) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Nei & Kumar, 2000) algorithms were used for comparisons. Pseudomonas sp. KL28
T belongs phylogenetically to the P. putida group as defined by Mulet et al. (2012b) (Table S1 ). The Pseudomonas sp. KL28
T 16S rRNA gene sequence was located in a separate branch in the P. putida group. P. vranovensis DSM 16006
T was the most closely related type strain to Pseudomonas sp. KL28
T (99.1 % similarity; Fig. 1 ). The usefulness of MLSA of the four concatenated genes for analysing the genus Pseudomonas has been demonstrated previously (Mulet et al., 2010 (Mulet et al., , 2012b . A total of 3723 nt from the four genes studied (16S rRNA gene, gyrB, rpoD and rpoB) were aligned and concatenated. The similarity matrix and the neighbour-joining tree representation of the Jukes-Cantor algorithm data (Fig. 2, Table S4 ) indicated that the most closely related type strain to Pseudomonas sp. KL28 T was P. vranovensis DSM 16006 T (93.7 % similarity). The distance from Pseudomonas aeruginosa DSM 50071 T , which is the type strain of the type species of the genus Pseudomonas, was 83 %. The intragroup mean value for members of the P. putida group was 91.5¡1.8 %, and the minimum similarity between species of the group was 87.9 %. Mulet and collaborators established a similarity of 97 % in the MLSA of these four genes as the threshold value for strains of the same species within the genus Pseudomonas (Mulet et al. 2010 T is a member of the P. putida group, although it cannot be ascribed phylogenetically to any of the known species of the genus Pseudomonas.
The genome of strain KL28
T (accession number CP009048) contains one circular chromosome of 5 764 622 bp, with a DNA G+C content of 60.6 mol%. The genome encodes 5177 predicted coding sequences, 86 pseudogenes, 27 ncRNAs, 6 rRNA operons and 67 tRNAs . A genome-wide comparison of Pseudomonas sp. KL28
T with other species of the genus Pseudomonas available at the Joint Genome Institute website (http://jgi.doe. gov) revealed the unique organization of gene clusters in the Pseudomonas sp. KL28
T genome Lim et al., 2014) . Recently, a number of digital genomic methods have been proposed for species delineation, including the average nucleotide index (ANIb) (Goris et al., 2007; Richter & Rosselló -Mó ra, 2009 ) and genometo-genome distance calculation (GGDC) (Meier-Kolthoff et al., 2013) . Both methods have been applied to the genomes of strains in the genus Pseudomonas (Gomila et al., 2015) . The average nucleotide index (ANIb) was calculated at the Joint Genome Institute website (img.jgi.doe.gov; Markowitz et al., 2014) for the type strains assigned to the P. putida group. The GGDC was calculated using the web service http://ggdc.dsmz.de (Meier-Kolthoff et al., 2013) . Comparison with the available genomes of type strains of the species in the P. putida group showed that the values for Pseudomonas sp. KL28
T were below the ANIb threshold accepted for species discrimination of 94-95 % (Goris et al., 2007; Richter & Rosselló -Mó ra, 2009) . P. vranovensis DSM 16006
T was the most closely related strain (87.06 % similarity; Fig. 3 , Table S5 ). In silico GGDC analysis also corroborated these data; the most closely related type strain was P. vranovensis DSM 16006 T , with 32.20 % similarity, which was below the 70 % cut-off value for species assignation with this method (Fig. 4, Table S6 ). These results are in good agreement with previous DNA-DNA hybridization experiments in which the maximal similarity among type strains in the P. putida group was found to be 51 % (Mulet et al., 2012a; Gomila et al., 2015) .
Considering all of these morphological, physiological, biochemical, chemotaxonomic, phylogenetic and genomic characteristics together, strain KL28
T represents a novel species, for which we propose the name Pseudomonas alkylphenolica sp. nov. The type strain (KL28 T ) has been deposited in the Korean Collection of Type Cultures (KCTC 22206 T ) and the Japan Collection of Microorganisms (JCM 16553 T ).
Description of Pseudomonas alkylphenolica sp. nov.
Pseudomonas alkylphenolica (al.kyl.phe.no9lica, N.L. fem. adj. alkylphenolica pertaining to alkylphenol compounds). 
L-leucine, L-ornithine, L-phenylalanine, L-proline, Lpyroglutamic acid, DL-serine, L-threonine, DL-carnitine, c-aminobutytic acid, urocanic acid, inosine, uridine, putrescine, 2-aminoethanol and glycerol.
The type strain, KL28
T (5JCM 16553 T 5KCTC 22206 T ), was isolated from soil of Changwon, South Korea (Cho et al., 2009; Jeong et al., 2003) . The genome of P. alkylphenolica KL28
T contains one circular chromosome of 5764622 bp with a DNA G+C content of 60.6 mol% . The type strain exhibits the ability to grow on alkylphenols as the sole sources of carbon and energy. 
